The hormonal and gonadal profiles of the few Australian old endemic passerine species studied to date have exhibited less annual variation in gonad size, reduced amplitude in testosterone (T) and luteinising hormone (LH) levels in comparison with those exhibited by many predominantly migratory species from the north temperate zone. Because none of the Australian endemics studied to date were migratory species, we studied a migratory population of rufous whistlers in central western New South Wales to determine whether differences in life history might be associated with different gonadal and hormonal profiles. Breeding stages were classified into five functional categories: territory/pair establishment, nest building, incubation, feeding nestlings/fledglings and post-breeding. We captured adult males at all breeding stages, examined their gonadal status through unilateral laparotomy, collected a blood sample and assessed this for plasma T and LH content using radioimmunoassay. Both hormones peaked early in the breeding season: LH levels during territory/pair establishment at 2.8 ng/mL ± 1.7 (s.d.) and T levels during nest building at 1.8 ng/mL ± 1.6 (s.d.). Following incubation LH and T (in particular) levels decreased substantially with the onset of parental duties -whilst feeding nestlings/fledglings T was 0.1 ng/mL ± 0.1 (s.d.), and LH was 1.6 ng/mL ± 1.2 (s.d.). This temporal variation in hormone secretion and an observed synchronous peak in gonad size at nest-building is reminiscent of migratory species from the north temperate zone displaying biparental care. Peak concentrations of both plasma T and LH in whistlers were intermediate between those reported for passerines from the north temperate zone with a similar life history and sedentary Australian old endemic passerines examined to date. This possibly reflects differences in life-history traits, the functional use of T in this species and/or possible phyletic effects. 
Introduction
High levels of testosterone (T) have profound stimulatory effects on secondary sexual characteristics of many male vertebrates. In passerine birds, this hormone affects the development of nuptial plumage, bare skin colouration, cloacal protuberance, and various wattles, combs and spurs (Wingfield and Farner 1979; Wingfield and Moore 1987; Fennell and Scanes 1992) . Testosterone also facilitates the expression of aggressive behaviour in male birds (Balthazart 1983; , although its importance decreases in social groups once dominance or social hierarchies have been established (Ramenofsky 1984; Wingfield 1984a) . Sexual function (e.g. copulatory behaviour) and courtship displays (e.g. bird song) also appear to be facilitated by high T levels (Arnold 1975; Harding 1981; Nowicki and Ball 1989) , although this relationship can be uncoupled in some passerines (Moore and Kranz 1983) . Most male passerines defend a breeding territory or at least a nest site and experience a peak in plasma T concentrations when these boundaries are first established (Wingfield et al.1987 . This allows males to improve the intensity of their responses to intrusions by other males, helping them to establish better and/or larger territories Raouf et al. 1997) . Plasma T levels P. G. M c Donald et al. are strongly affected by the frequency of male-male agonistic interactions during breeding, with levels of T varying directly with population density Beletsky et al. 1992) . These high levels of T are usually maintained until egg laying is complete, as males mate guard fertile females (Balthazart 1983; Wingfield and Moore 1987; Wingfield 1994) .
Elevated plasma T appears to impose costs upon breeding males, including suggestions that T suppresses immune function (Grossman 1985; Folstad and Karter 1992; Moller and Saino 1994 ; but see Hasselquist et al. 1999) and increases the likelihood of mortality (Dufty 1989; Moss et al. 1994) . Furthermore, experimental evidence shows that persistently high T levels interfere with expression of normal parental care in many avian species (Silverin 1980; Hegner and Wingfield 1987; Oring et al. 1989; ; M c Donald et al. 2001) .
The conflicting need for males to be aggressive yet provide parental care is resolved in biparentally breeding species by confining high T levels to periods when aggressive 'challenges' by other males are most frequent, but decreasing plasma T levels rapidly with the onset of parental duties . By contrast, in species in which the male does not care for the offspring, males compete with other males throughout the entire breeding season and show persistently elevated T levels Beletsky et al. 1992) . For these males, the costs of maintaining high T levels are outweighed by the reproductive gains associated with protracted maximum aggression and courtship behaviour (Dufty 1989; Beletsky et al. 1992) .
Although hormonal studies of old endemic Australian passerines are extremely rare, one might expect males of Australian species with a similar life-history strategy to a given Northern Hemisphere counterpart to show a similar pattern of T secretion. One of the beststudied free-living birds from the north temperate zone, in endocrinological terms, is the migratory race of the white-crowned sparrow, Zonotrichia leucophrys gambelii Farner 1978a, 1979; Farner and Wingfield 1980) . Males of this species show maximal annual levels of T during periods of territory establishment and mate guarding. Once hatching occurs, however, T levels drop dramatically when the male assumes parental duties Farner 1978a, 1979) . The rufous whistler, Pachycephala rufiventris, is an Australian old endemic species with similar breeding habits to the white-crowned sparrow. Whistlers breeding in central New South Wales exhibit many life-history similarities to these sparrows, including a migratory habit, pronounced territoriality, seasonal breeding, similar body mass and biparental care, with males sharing all parental duties except nest construction (Blakers et al. 1984; Bell and Ford 1987; Bridges 1992; M c Donald 2001) . Accordingly, we examined the plasma T and LH levels and gonadal status in free-living adult male rufous whistlers from arrival at breeding grounds until the completion of breeding activities, with the view of examining the hormonal and gonadal phenology of an Australian old endemic with a similar life history to the most intensively studied species from the north temperate zone.
Methods
All field studies were conducted at Back Yamma State Forest (33°20′S, 148°10′E), 30 km south-east of Parkes, New South Wales. Back Yamma is a 4288-ha area of actively logged forest dominated by white cypress pine, Callitris glaucophylla.
From early September 1997 when male rufous whistlers began arriving on-site until their departure in March 1998, the activities of each pair were noted and both sexes placed into one of the following five (5) breeding stages:
(1) Territory/pair establishment. This stage began as soon as the whistlers returned to Back Yamma.
Male-male, female-female and even male-female agonistic interactions were very common throughout this stage (M c Donald 2001). (2) Nest building. Females and their partners were classified as being at this stage from the time they were seen gathering nest material until the first egg was laid. (3) Incubation.Birds were classified as incubating once the clutch was complete; that is, clutch size remained equal for two consecutive days, as rufous whistlers lay eggs at intervals of 24 h (Bridges 1992) . Nest contents were examined by looking up through the sparse base of the nest cup. (4) Feeding nestlings/fledglings. This stage was defined as the period from the time the first egg hatched until fledglings were no longer being fed by either parent. The hormone levels and gonadal sizes of males feeding nestlings and those feeding fledglings at the time of sampling have been compared and did not differ statistically. Thus, for convenience, these two sampling groups have been combined into the same breeding stage. (5) Post-breeding. Birds in this stage were no longer engaged in any of the breeding activities outlined above and had often begun their annual moult.
Once the breeding stage of an individual bird was identified, 12 × 4 m mist nets were placed near the focal bird between 0600 and 1200 hours to catch it in flight. In cases where the targeted bird consistently remained above mist-net height, playback of rufous whistler calls were broadcast to entice the birds down to net level. Birds were removed as quickly as possible after capture and the time between capture and the completion of blood collection was noted, as well as the length of time a bird was exposed to playback. A blood sample (300 µL) was collected into heparinised capillary tubes following venipuncture of an alar vein. Blood samples were stored on ice until the blood plasma was separated from packed cells following centrifugation (6000 rpm for 3 min; EBA12 Hettich centrifuge). Plasma samples were stored at -80°C until used for T and LH radioimmunoassay analyses.
Gonadal condition was determined by unilateral laparotomy (see Oring et al. 1988) . Birds were first anaesthetised with methoxyfluorane vapour before a small surgical incision was made along the left flank. The length and width of the left testis was recorded, along with the colour of the gonad, and the wound then sealed using medical-grade cyanoacrylate adhesive (Vetbond). Because testes shape varied from round to ovoid, testis scores were calculated by multiplying the length by the width of the left testis. As the score is not a true area or volume, no units are associated with this value. On completion of surgical procedures, birds were banded with a unique combination of colour bands, held in calico bags until they had fully recovered (usually within 15 min of surgery), and were subsequently released at the site of capture.
The plasma content of T was assayed using a Pantex Direct Testosterone I 125 radioimmunoassay kit (Pantex, California). This kit is a double-antibody radioimmunoassay that has very high specificity for T and low crossreactivity with other steroids. The sensitivity of the assay was increased by halving volumes of all assay reagents (standards, tracer, first and second antisera), whilst retaining the recommended sample volume of plasma. The I 125 activity of the pellets were measured on a Wallac 1480 'Wizard' gamma counter, with automated adjustment for I 125 decay. All samples of plasma analysed for T were run in duplicate and the mean of these two values used to calculate sample T concentration. This technique has a high sensitivity to T (0.1 ng/mL), an intra-assay variation of less than 10%, and high specificity for T (relative specificity to T = 100%; to 5α-DHT = 6.9%; to androsterone = 0.5%; to other steroids that might be present <0.1%). All samples from this study were evaluated in a single assay, eliminating any interassay variation. Mean recovery of known amounts of T in samples is reported at 99.2% by the manufacturer.
Immunoreactive luteinising hormone (LH) content was measured using the heterologous double antibody method described by Follett et al. (1972 Follett et al. ( , 1975 and modified by Wingfield and Farner (1978a) for small volumes. LH label was produced by iodination using the Chloramine-T method. Chicken LH and specific LH antisera were provided by the USDA Animal Hormone Program (J. Proudman; Bethesda, Maryland). The second antibody was donkey anti-rabbit serum (provided by J. Downing, Animal Production, University of Sydney). Separation of bound from free hormone was achieved by centrifugation after the addition of PBS with 2% poly-ethylene glycol, which improved consistent pellet formation and allowed decanting of the unbound supernatant.
Statistical analyses
All data were examined for pattern of distribution and were subject to the appropriate transformation if they deviated significantly from a normal distribution. Post hoc analyses for all significant ANOVAs were performed using Tukey-Kramer tests with the appropriate Bonferroni correction (Zar 1996) . All statistical tests, except those subject to a Bonferroni correction, were assumed to be significant at the 0.05 level.
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Statistical procedures were carried out using JMP (SAS Institute, California). All data are presented as means ± 1 s.d.. All hormone content values were normalised using a square-root transformation, where X′ = (X) 1/2 + (X + 1) 1/2 (Zar 1996) . Mean hormone titres were calculated by assuming 0 pg/mL as the value for samples with undetectable hormone levels. ANOVAs were used to detect differences in plasma hormonal concentrations during different breeding stages for both hormones analysed. Linear regressions were used to determine whether the time a bird was exposed to playback, the time of day it was captured, or the time taken from capture to the completion of blood sampling significantly affected LH or T levels. Birds recaptured during the same breeding stage were included in the analysis the first time only that they were caught.
Results

Testosterone and luteinising hormone levels
We sampled 59 adult males at known breeding stages for T levels and gonad size. Of these males, 38 were also assessed for plasma LH levels, with 3 males in the territory/pair establishment and 18 males in the post-breeding stages being assessed for T levels and gonad size only. There was no effect of playback duration on plasma T concentration (R 2 = 0.01, F 1,57 = 0.57, P = 0.45; mean playback 4.5 ± 8.7 min, range: 0.5-56 min). Likewise, T did not vary in relation to the time between capture and blood collection (R 2 = 0.02, F 1,57 = 1.31, P = 0.26), or the time of day that whistlers were sampled (R 2 = 0.02, F 1,57 = 0.95, P = 0.33). Similarly, circulating levels of LH were not affected by playback (R 2 = 0.06, F 1,36 = 2.11, P = 0.16), the time between capture and blood collection (R 2 = 0.11, F 1,36 = 3.98, P = 0.06) or the time of day that whistlers were sampled (R 2 = 0.07, F 1,36 = 2.54, P = 0.12).
Plasma T levels of adult males varied significantly between breeding stages (F 4,54 = 9.64, P = 0.0001; Fig. 1 ). As only one male was sampled during incubation, this stage was not included in post hoc analyses. During territory/pair establishment and nest-building, males had significantly higher T levels than during the two breeding stages following incubation, with peak levels occurring during nest-building (1.8 ± 1.6 ng/mL). Plasma T levels fell substantially after nest building to the feeding nestling/fledgling stage and declined further, reaching the lowest value of 0.1 ± 0.1 ng/mL during post-breeding. LH levels were high when males first arrived on the breeding grounds and steadily decreased over the course of the study (F 4,33 = 4.75, P = 0.004; Fig. 1 ), although this difference did not reach statistical significance in post hoc analyses. The one exception to this trend is the solitary male captured during the incubation stage that had extremely high LH levels (at 6 ng/mL) in comparison to males of other stages.
Gonadal cycles
Testes were largest during the nest-building and incubation stages and showed evidence of regression in the post-incubation stages (Fig. 2) . This size variation was significant (F 4,54 = 11.94, P < 0.0001), with post hoc analyses showing that testes of males during the nest-building stage were significantly larger than those of males in all other stages, excluding the incubation stage (which was not included in post hoc analyses). Testes of males during post-breeding were smaller than those of males measured at all other breeding stages. Thus the cycle of gonadal recrudescence began before arrival on the breeding grounds, with testes reaching their peak size during the nest-building and incubation stages. Testes of adults appeared white in colour with fine yellow striations at all stages examined.
Discussion
The pattern of testosterone and luteinising hormone secretion in adult male whistlers
The hormonal patterns of breeding male whistlers observed in this study are typical of those observed in seasonally breeding, migratory species having biparental care, such as the single-brooded white-crowned sparrow (Z. l. gambelii) (Wingfield and Farner 1978a; Wingfield and Farner 1979; Wingfield 1983; Hiatt et al. 1987 ) and song sparrow (M. m. melodia) (Wingfield 1984b (Wingfield , 1984c Wingfield and Goldsmith 1990) . Males of these species and whistlers in this study exhibited high T and LH levels on arrival at breeding grounds through to territory/pair acquisition and clutch initiation. After this, T levels typically decreased dramatically at the onset of parental duties, while LH declined more gradually (see Silverin 1984; for reviews). The functional significance of the observed decline in T levels in male whistlers is exemplified in a Timplantation experiment carried out on this population (M c Donald et al. 2001) . Male whistlers with artificially elevated T levels extended into the incubation stage exhibited a dramatic reduction in the time they spent incubating and increased use of their primary intersexual attraction call until well after the normal breeding season (M c Donald et al. 2001) . This incompatibility of high T levels and male parental care has also been demonstrated in other species (e.g. Silverin 1980; Hegner and Wingfield 1987; Oring et al. 1989) , indicating a need for reduction in T levels for males beginning parental care.
In contrast, the cyclic pattern of T and LH levels observed in male whistlers differs significantly from those of species with different life-history traits. For example, polygynous species in which males do not provide parental care typically maintain elevated T levels from the onset of breeding throughout the entire breeding season (see for review). Males of these species can obviously maintain these prolonged high T levels at no cost to parental care whilst facilitating maximal intrasexual aggression ). In contrast, other old endemics, species such as the white-plumed honeyeater, Lichenostomus penicillatus, show greater variability in levels of T and LH than those observed in rufous whistlers (Astheimer and Buttemer 1999) . This difference may also reflect an alternate life-history strategy. Many Australian old endemics are sedentary and/or inhabit unpredictable environments. White-plumed honeyeaters are typically sedentary and common in semi-arid environments where favourable breeding conditions are unpredictable. Under such circumstances, it is an advantage to be ready to breed at opportune times. Further, these honeyeaters do not show large increases in T at the onset of each spring to stimulate and facilitate successful reproduction (Astheimer and Buttemer 1999) . Whistlers, however, are strictly seasonal breeders and reliably breed at approximately the same time each year (Bridges 1992) . The difference between the distinct peaks in T and, to a lesser extent, LH seen in male whistlers may reflect their need to have a definite and predictable signal to 'switch' between migratory and reproductive behaviours, while honeyeaters may rely on non-endocrine signals to stimulate breeding events (e.g. local social or environmental information).
There was extensive variation in T levels of male whistlers at their peak during the territory/pair establishment and nest-building stages. This may indicate individual differences in the time that males had been on territories after migration, in the time that they had been paired with mates, or in their need for nest/mate replacement. Renesting activities have been shown to stimulate a second surge of T secretion in other passerines such as white-crowned sparrows (Wingfield and Farner 1979) and ring doves, Streptopelia risoria (ten Cate et al. 1993) . Renesting was common at Back Yamma, and some of the males sampled during the nest-building stage are likely to represent renesting attempts. This difference in the precise stage of breeding for each male may therefore account for some of this variation.
Only one male whistler was sampled during incubation and this bird showed an unusually high LH level (5.95 ng/mL). Although this male also had large testes, its T level was quite low (0.17 ng/mL) and similar to that of males sampled later in the breeding season. Given the low level of T observed in this male the high LH levels seem unlikely to be associated with recent agonistic behaviour. Perhaps given that whistler renesting was so common at Back Yamma, due to a high predation rate (86.7% nests failed: M c Donald 2001), LH remained elevated in this individual longer than expected to facilitate faster renesting if required. The testes, in such instances, must either reduce testosterone production or become refractory to the stimulatory effect of LH.
Given the extremely divergent nature of the LH sample of this male from the breeding stages immediately before and after incubation it appears likely that the reading reflects one aberrant sample as opposed to a relatively unique peak in LH levels at incubation for this species. Unfortunately, the extremely high predation rate of nests made additional sampling of incubating males, and further investigation of this point, impossible. In any case, the single sample was excluded from post hoc analyses, thus the statistical trends reported are independent from the effects of this one outlying sample.
The amplitude of peak testosterone and luteinising hormone levels in male whistlers
While the patterns of LH and T secretion of male whistlers were, on the whole, similar to those of migratory species of the north temperate zone, the amplitude of peak T concentrations during the breeding season was much lower, averaging 1.8 ng/mL in comparison to the 8 and 6 ng/mL of white-crowned and song sparrows, respectively (Wingfield and Farner 1978a; Wingfield 1984b) . LH levels were also lower in whistlers than values normally associated with passerines from the north temperate zone (e.g. Wingfield and Farner 1978a; Wingfield 1984b) . While life history can affect the amplitude of T secretion , it is also possible that phylogeny influences a species' peak T and LH levels. However, comparisons of absolute hormone levels between species should be viewed with caution as peak T levels can change considerably from year to year even within the same population (Wingfield and Farner 1993) . However, if long-term averages of peak T levels are consistently different between passerines from Australia and the north temperate zone, small but significant differences in aspects of the life history of these two groups may be responsible in addition to, or instead of, phyletic effects.
There are three main aspects of whistler life-history strategy that may be correlated with their low peak T levels. Rufous whistlers at Back Yamma SF have a relatively long breeding season with a high rate of nest failure. Species from the north temperate zone that breed at high latitudes tend to have a more contracted breeding period with shorter pauses between renesting attempts. This results in breeding stages that tend to be more synchronised among males within a population and frequent high densities at breeding areas (Wingfield and Moore 1987; Hunt et al. 1995 Hunt et al. , 1997 . As a result, agonistic interactions may occur more frequently during the most aggressive stages of the nesting cycle, which, in turn, may stimulate higher plasma T concentrations in these species (e.g. mean 8 ng/mL in the whitecrowned sparrow: Wingfield and Farner 1975) than we found in the rufous whistler (mean 1.8 ng/mL). However, this does not appear to be the sole reason for the difference in peak T levels as the intensity of whistlers' aggressive responses to simulated territorial intrusions did not increase with exogenously elevated T levels (M c Donald et al. 2001) . Further, the lack of effect of time during which males were exposed to playback on circulating T levels of this study corroborates this potential difference in the functional use of T by whistlers. Instead of primarily being used for intrasexual aggression, high T levels may instead facilitate the production of the primary intersexual advertisement call of the species (see M c Donald et al. 2001 for details) .
Another difference between whistlers and passerine migrants in the north temperate zone is their use of breeding territories. White-crowned sparrows use territories for nest sites only, forming loose non-aggressive feeding groups away from nesting areas (Lewis P. G. M c Donald et al. 1975a , 1975b Farner 1978a, 1978b) . In contrast, rufous whistlers defend all-purpose territories the entire time that they are on the breeding grounds (Bridges 1992; M c Donald 2001) . This constant vigilance of whistlers may result in their being unable to sustain the higher T levels reported for sparrows that do not maintain aggression to their counterparts throughout all parts of the day. Migration patterns also differ: species in the north temperate zone form large flocks and migrate quickly, whereas migratory whistlers appear to migrate less directly, and probably in much smaller parties (Blakers et al. 1984) . These differences probably stem from the fact that the climate of south-eastern Australia is much less seasonal, with fewer pronounced food shortages and harsh climatic conditions during winter (Woinarski and Cullen 1984; Bridges 1992) . Both of these differences could lead to differing peak T levels between populations unrelated to phyletic effects. The highest levels of plasma T of passerines recorded to date (Hunt et al. 1995 (Hunt et al. , 1997 have been found in species that occur in areas with highly pronounced seasonal differences and that have only a short opportunity to breed. This is possibly due to the need for these species to have a more definite signal to 'switch' between migratory and breeding behaviours (Hunt et al. 1995 (Hunt et al. , 1997 .
Maximal T levels of rufous whistlers are comparable to those in sedentary fairy wrens (Peters et al. 2000) , a species that shows a high level of courtship display in a complex social system. In contrast, T levels of whistlers are substantially higher than in arid-zone sedentary old endemic Australian species (e.g. Astheimer and Buttemer 1999) . Similar to the effects on the pattern of T secretion already discussed, the migratory whistler population's highly seasonal pattern of reproduction, in contrast to the aseasonal breeding patterns of white-plumed honeyeaters, may therefore lead to a comparatively greater increase in T during the breeding season to act as a more definitive 'switch' between migration and breeding behaviour. Given the intermediate nature of the differences between seasons and the time available for breeding, it is perhaps not suprising that whistlers exhibit a peak amplitude of T and LH levels intermediate between those species breeding at higher latitudes and their aseasonal Australian old endemic counterparts.
Gonadal cycles of adult male whistlers
Adult male rufous whistlers examined in this study show a distinct pattern in testes size: males arrived on-site having initiated gonadal recrudescence, testes then peaked in size during, or just prior to, egg-laying, regressing during the post-breeding stage. This testicular pattern correlated well with hormonal profiles observed, in that LH levels peaked at the time of maximal testis growth, and began declining in size with the gradual reduction in LH titres, a pattern previously described for many species (Silverin 1984) . Peak T levels occurred when the testes were at their largest, and declined more rapidly than testes size at the onset of parental duties. This is perhaps to be expected as T levels are highly labile and would be under greater pressure to decrease faster, given the conflict between high T levels and parental care in this species (M c Donald et al. 2001) . A comparatively slower reduction of gonadal size into the parental care stages of the breeding cycle may also improve a male's chance of achieving paternity in the event of nest failure and a subsequent re-nesting attempt.
Males arrived at Back Yamma SF with enlarged testes, indicating that male whistlers are stimulated to initiate reproductive functions before arrival on the breeding grounds. This is typical for migrating passerines in the north temperate zone (Wingfield and Moore 1987; Wingfield and Farner 1993) , which physiologically prepare for migration and initiate gonadal development in response to changes in photoperiod before arriving at their breeding grounds (Murton and Westwood 1977, pp. 47-76) . Such anticipatory responses result in these birds arriving at breeding grounds hormonally prepared for procuring a territory and pair establishment, which, in turn, ensures maximal aggression levels and facilitation of courtship behaviour at these times (Balthazart 1983; Wingfield and Moore 1987; Raouf et al. 1997) . This strategy also allows males to improve their chances of paternity if females arrive and breed earlier than normal. In this study, male whistlers generally arrived before females, a habit typical of migratory species and other rufous whistler populations (Jarvi et al. 1987; Bridges 1994) . Although the ovaries of some females had developed a follicular hierarchy on arrival, there was a period of six weeks between arrival and the onset of nesting (M c Donald 2001) . Thus, while male whistlers appear to be ready to breed upon arrival, the female's physiological state appears to determine the onset of breeding in this species, a pattern typical of migratory passerines in the north temperate zone (Farner and Wingfield 1980; Wingfield and Moore 1987; Wingfield and Farner 1993; Hunt et al. 1995) .
The limited intrapopulational variation of testes size for male whistlers at each breeding stage is also found in migratory species with limited breeding periods (Lewis 1975a (Lewis , 1975b Wingfield and Farner 1978a , 1978b , 1979 Silverin 1983; Wingfield 1984b; Morton et al. 1990) . Such testicular synchrony contrasts strongly with the pattern seen in sedentary Australian old endemics such as the bell miner, Manorina melanophrys (Poiani and Fletcher 1994) and white-plumed honeyeater (Astheimer and Buttemer 1999) which have more flexible breeding schedules. The pattern of recrudescence and regression displayed by rufous whistlers in this study suggests that males experience a complete annual regression in testicular size, again contrasting with patterns exhibited by other sedentary Australian old endemic species in New South Wales. Males of both white-plumed honeyeaters (Astheimer and Buttemer 1999) and white-browed babblers, Pomatostomus superciliosus (S. Oppenheimer, personal communication) in sedentary populations can be found with fully enlarged or completely regressed testes at any stage of the year. This difference may again be due to life-history traits, with these sedentary species being opportunistic breeders and more dependent upon localised conditions in contrast to the strictly seasonal breeding observed in the migratory rufous whistler population.
In summary, rufous whistlers share the same pattern of T and LH secretion and gonadal phenology with other migratory species where males provide parental care, indicating the importance of life-history traits on gonadal and hormonal phenology. However, the extent of T secretion appears to have high interspecific variation. Relatively subtle differences in life-history traits might underlie the interspecific variation in peak plasma T and LH secretion observed; however, the extent to which this reflects differences in life history, functional use of T and/or phyletic history can not be resolved with the current data. Future research comparing maximal levels of T and LH secreted by Australian old endemics and species from the north temperate zone, or comparing different populations of more cosmopolitan species throughout different parts of their range would help to resolve this issue.
